Abstract: We use pump-probe experiments to demonstrate that the spin polarization of electrons photogenerated in bulk GaAs by two-photon absorption of circularly polarized light is not significantly l~e r than by one-photon absorption, in agreement with theoj. One-photon absorption of circularly polarized light in a semiconductor is known to produce partially spin-polarized electrons in the conduction band ( Fig. la) [l]. In most common semiconductors, in which the heavy and light hole' valence bands are the highest valence bands and are degenerate at the Tpoint, the highest degree of injected spin polarization is 50%, and it is achieved when the photon energy is not large enough to excite camers out of the splitoff band. It was recently suggested that hvo-photon absorption could achieve 100% spin polarization in unstrained bulk samples (Fig. Ib) [2], even though earlier theoretical calculations [3, 4] predict only a 51% polarization. By performing time-resolved pump-probe experiments in GaAs we show that the degrees of spin polarization via oneor two-photon absorption are in fact comparable. The lime-resolved technique is preferred to time-integrated methods, where the measured degree of spin polarization has to be corrected for the ratio of the electron lifetime and the spin relaxation time [2] .
One-photon absorption of circularly polarized light in a semiconductor is known to produce partially spin-polarized electrons in the conduction band ( Fig. la) [l]. In most common semiconductors, in which the heavy and light hole' valence bands are the highest valence bands and are degenerate at the Tpoint, the highest degree of injected spin polarization is 50%, and it is achieved when the photon energy is not large enough to excite camers out of the splitoff band. It was recently suggested that hvo-photon absorption could achieve 100% spin polarization in unstrained bulk samples ( Fig. Ib) [2] , even though earlier theoretical calculations [3, 4] predict only a 51% polarization. By performing time-resolved pump-probe experiments in GaAs we show that the degrees of spin polarization via oneor two-photon absorption are in fact comparable. The lime-resolved technique is preferred to time-integrated methods, where the measured degree of spin polarization has to be corrected for the ratio of the electron lifetime and the spin relaxation time [2] .
The experiment used pulses from an optical parametric amplifier (OPA) [5] operating at 250 H z . The OPA was used with doubling cr).stals to produce = 150 fs puIses.at 775 nm and 825 nm. The 775 nm pulses excited the sample by one-photon absorption, whereas 1550 mn pulses (fundamental beam from the OPA) excited the sample by twophoton absolption; 825 nm pulses probed the transmission of the sample. The sample was a semi-insulating I-pmthick wafer of [001]-grown bulk GaAs bonded to a glass substrate and was maintained at 80 K. The probe beam was resonant with the band gap energy (Eg), while the optically excited electrons had an excess energy of = 80 meV.
The peak irradiances of pump pulses were = 2.3 GW/cm2 for two-photon and = 11 MW/cmz for one-photon absorption, with a peak canier density of = 6 x 1016 cm? kxcited in both cases.
The transmission of the probe pulses is measured as a function of the delay between circularly polarized pump and probe pulses. The differential transmission, AT/T= (TE -To)/Th where T , (To) is the transmission with (without) ITuNS the pump, is proportional to the change in absorption coefficient, which is related to the injected elecmn density n.
The degree of spin polarization of the electrons is P = 2 ((AT/T)+ -(AT/T)-)/((AT/T)+ + (ATIT)-), where
(ATIT)* is the differential transmission when the polarization state of the pmbe is of: (The factor of two is due to the selection rules for probe absorption.)
The time dependent degree of polarization of the electrons P is shown in Fig. 2 . The decay of P reflects the spin relaxation time. After excitation with d-pump pulses, P has the same sign in both cases and the same initial value of -50% for both one-and two-photon excitations, in clear contrast to the predictions made in [21. (Fig Id) , and in fact, they are dominant transitions in a frequency range close to the band edge, although in GaAs, this range is only 10 meV [6]. From an examination of the selection mles for these transitions 171, a large degree of spin polarization from two-photon absorption near the band edge could only be possible if the splitting between the r, and r, conduction bands were much larger than in any of the typical semiconductors.
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